Grass carp reovirus (GCRV) is a causative agent of haemorrhagic disease in grass carp that drastically affects grass carp aquaculture. Here we report a novel GCRV isolate isolated from sick grass carp that induces obvious cytopathic effect in CIK cells and name it as GCRV096. A large number of GCRV 096 viral particles were found in the infected CIK cells by electron microscope. The shape, size and the arrangement of this virus were similar to those of grass carp reovirus. With the primers designed according to GCRV 873 genome sequences, specific bands were amplified from sick grass carp and the infected CIK cells. The homology rates among vp4, vp6 and vp7 gene in GCRV 096 and those of some GCRV isolates were over 89%. In this study, the sequences of vp4, vp6 and vp7 were used to analyse sequence variation, phylogenetic relationships and genotypes in twenty five GCRV isolates. The results indicated these twenty five GCRV isolates should be attributed to four genotypes. And there were no obvious characteristics in the geographical distribution of GCRV genotype. The study should provide the exact foundation for developing more effective prevention strategies of grass carp haemorrhagic disease.
Introduction
Grass carp reovirus (GCRV), which is known as a member of the Aquareovirus genus and the Reoviridae family, can cause serious haemorrhagic disease in grass carp (Chen and Jiang 1983) and obvious cytopathic effect (CPE) on many cell lines from fish (Zuo et al. 1986; Lu et al. 1990) . To date, a number of various GCRV isolates have been isolated from diseased grass carp around the world, including GCRV 873, GCRV 875, GCRV HZ08, GCRV GD108, AGCRV and others Chi et al. 2011; Ye et al. 2012; Zeng et al. 2013) . These isolates are distinct not only in their levels of virulence and cell culture characteristics, but also in their antigenicity Mohd Jaafar et al. 2008; Zhang et al. 2010a) .
GCRV is a double-stranded RNA virus that is assigned to the Aquareovirus C species. The genome of GCRV is known to consist of 11 segments of dsRNA contained in a core surrounded with a double-layered icosahedral capsid (Rangel et al. 1999 ). To our knowledge, there are few published reports about the serotype and genotype of GCRV. Furthermore, there are no uniform criteria for virus genotyping. One of the virus genotyping methods is based on the analysis of the nucleotide sequence.
So far, some gene sequences of GCRV isolates have been reported (Mohd Jaafar et al. 2008; Rangel et al. 1999; Fang et al. 2000; Su et al. 2010; Attoui et al. 2002; Fan et al. 2010) . vp4, vp6 and vp7 gene in GCRV encode major outer capsid proteins and are conservative. Moreover, there are many variable sites and informative sites between sequences of vp4, vp6 and vp7 gene in different GCRV isolates. Considering vp4, vp6 and vp7 gene as molecular makers, we investigated sequence variation characteristics, the phylogenetic relationships and genotypes of twenty five GCRV isolates to find the evolutive characteristic of GCRV in the study. In this study, a new GCRV isolate was found and identified from diseased grass carp. This study provides the theoretical basis for the prevention and treatment of haemorrhagic disease in grass carp.
Materials and methods

Virus and cells
GCRV 096 was isolated from the diseased grass carp in Xiaogan, Hubei Province and stored in our laboratory. A widely used GCRV sensitive cell steain, grass carp kidney cells (CIK) were purchased from shenzhen inspection and quarantine bureau in China. CIK is GCRV sensitive cell and are widely used in the related study of GCRV (Ye et al. 2012; Zhang et al. 2010b; Ma et al. 2011) .
Some GCRV isolates were examined in the present study, which were identified in previous studies (Mohd Jaafar et al. 2008; Rangel et al. 1999; Fang et al. 2000; Su et al. 2010; Attoui et al. 2002; Fan et al. 2010) . Table 1 presents information about the specific names of twenty five GCRV isolates, their abbreviations, locations where they were collected, the genes of GCRV and their GenBank accession numbers.
Virus culture and transmission electron microscopy observation
Cell culture, viral infection and propagation determination were performed as previously described . GCRV 096 particles were extracted with the differential centrifugation at 250-6000 g, and the supernatant was then ultracentrifuged at 35,000 g at 4°C for 2.5 h. The purified virus pellet was resuspended in phosphatebuffered saline (PBS) with pH 7.4 and then stored at −70°C for the further use. After removing the cell culture medium from the confluent monolayer cell, the monolayer cell was rinsed two times with the PBS buffer and the virus was added with the adsorption for one hour at room temperature. Then, after aspirating off the virus, the maintain solution (M199 containing 2% FBS) was added. The infected CIK cells were incubated at 28°C and observed daily.
Electron microscopic section of the infected CIK cells with CPE was made and observed in transmission electron microscope.
RT-PCR amplification
With viral RNA kit (Takara, Dalian, China), the GCRV 096 genome RNA was extracted from purified GCRV 096 virus. The cDNA of GCRV 096 genome RNA was acquired with RT-PCR kit (Takara, Dalian, China) using the random primers and M-MLV reverse transcriptase. According to the genome sequence of GCRV 873, primers for GCRV 096 vp4, vp6 and vp7 gene amplification were designed based on homologous sequence in GCRV 873: 5″-CACTTCGCACTCTCTCTACAATG-3′ and 5′-AGTACGACACTTCCCGCCGTT-3′, 5′-TGTG ATGGCACAGCGTCAG-3′ and 5′-GTTAGA CGAAC ATCGCCTGC-′3, 5′-TCACCACGATGCCACTTCAC-3′ and 5′-CGGTGCTTAATCGGATGGCT-3′, respectively. Primers were also designed based on homologous sequence from GCRV GD108 and GCRV HZ08 for vp4, vp6 and vp7 gene: 5′-ACTTACGGCCACTATCATGG-3′ and 5′-TCGGTGTACACGACCTAAG-3′, 5′-CTTT GAGTCGACGCACGTAT-3′ and 5′-CCGTCGGGTGG ATTAGGTC-3′, 5′-TCTACTGCCAAGATGGCCAC-3′ and 5′-GCACGCACCTTACTTACAGCA-3′. The PCR cycling conditions were an initial denaturation at 95°C for 3 min followed by 30 cycles consisting of 94°C for 30 s, 55°C for 60 s and 72°C for 70 s, and a final extension step of 30 min at 72°C. The composition of the PCR system (50 μl) includes 33 μl sterile water, 3 μl dNTP (each is 2.5 mmol/L), 10 pmol/L primer for 2 μl each, 10 × buffer for 5 μl (containing Mg++), DNA for 100 ng and Taq polymerase for 0.25 μl (5 U/μl). The aimed genes were purified using Gel Extraction Kit (Takara, Dalian, China) from gelose gel and connected with pMD18-T vector at 16°C, then transformed to DH5α E.coli. The recombined plasmid was verified by sequencing.
Gene sequence analysis of GCRV isolates
Sequences of vp4, vp6 and vp7 genes were aligned by using the Clustal V method in DNAstar software. Subsequently, the alignment was manually adjusted. Variable sites, information sites, genetic distances, and homologic rates of segments were calculated with MEGA5.1 (Tamura et al. 2007 ) and DnaSP5.10 (Rozas and Rozas 1999) software.
Phylogenetic relationships of GCRV isolates
Evolutionary models of vp4, vp6 and vp7 gene in GCRV were separately simulated in ModelTest3.7 (Posada and Crandall 1998) . Subsequently, phylogenetic trees were restructured with simulation results. Using bovine rotavirus B223 as the outgroup, maximum parsimony (MP) trees, maximum likelyhood (ML) trees, and UPGMA trees were constructed with MEGA 4.1 (Tamura et al. 2007) software. MP trees were also built in PAUP4.0 (Swofford 1998) by running the heuristic search with TBR branch swapping, 100 random addition sequence replications, and non-parameter bootstrap resampling procedures to get the coincidence of the resultant MP trees. Bayesian analysis were performed with MrBayes3.12 (Huelsenbeck and Ronquist 2001) using the general-time-reversible + gamma + invariants (GTR + G + I) model of sequence evolution and four Markov Chain Monte Carlo (MCMC) sampling to assess phylogenetic relationships. We set the parameters in MrBayes as follows: nst = 6, rate = gamma, basefreq = estimate, generations = 10,000,000, and the posterior probability and branches of the phylogeny were summed by burnin = 500 and contype = allcompat.
Sequence variation analysis of vp4, vp6 and vp7 genes in GCRV isolated to the same genotype Sequences of vp4, vp6 and vp7 genes in GCRV isolated to the same genotype were aligned by using the Clustal V method in DNAstar software. Alignment was manually adjusted. Variable sites were analysed.
Results
Virus infection in sensitive cellls and particle identification
Three days after the culture of the CIK cells infected by GCRV 096, CPE phenomenon was observed and the shedding and apoptosis occurred in most of the CIK cells five days after the infection. While, the controlled CIK cells without the infection by the virus grew well (Figure 1) .
A large number of virus particles without the envelope structure crystalline in CIK cells were detected from transmission electron microscopy ultrathin section of CIK cells infected with GCRV 096 (Figure 1 ). The shape, size and the arrangement of GCRV 096 were similar to those of grass carp reovirus (Ke et al. 1990 ).
Detection by RT-PCR
vp4, vp6 and vp7 genes were PCR amplified from GCRV 096, subcloned into a pMD18-T vector and sequenced. The length of vp4, vp6 and vp7 genes in GCRV 096 was 1981 bp, 1258 bp, and 855 bp, respectively (GenBank accession numbers: JN206664, HQ452490 , and JN206665).
Sequence analysis
vp4, vp6 and vp7 genes in the these GCRV isolates contain 184, 447 and 375 informative sites, respectively. Table 2 shows the identity and divergence among GCRV isolates based on vp4, vp6 and vp7 genes, respectively. Based on the data shown in Table 2 , it is apparent that genetic distances of vp4, vp6 and vp7 genes among GCRV 096, GCRV 873, GCRV 875, GCRV JX01, GCRV 876 and GCRV 991 or AGCRV and AGVRV PB01-155 were small, and their homologous rates were high. Also, genetic distances among GCRV HZ08, GCRV GD108, GCRV 918, GCRV HuNan794, GCRV HeNan988, GCRV 106, GCRV ZS11, GCRV QC11, GCRV HN12, GCRV HS11, GCRV YX11, GCRV JS12, GCRV QY12, GCRV JX02, and GCRV 097 were small, with elevated homologous rates.
Other genetic distances were far and the genetic identities were small.
Simulation results of evolutionary model and phylogenetic relationships of GCRV isolates
Simulation results of the GCRV evolutionary model based on vp4, vp6 and vp7 gene from ModelTest3.7 (Posada and Crandall 1998) are shown in Table 3 . The simulation results are used to construct phylogenetic trees.
Topological structures of constructed phylogenetic trees, based on vp4, vp6 and vp7 genes of GCRV in this article are basically coincident. According to evolutionary simulation results, there is the UPGMA tree constructed based on vp4 gene in Figure 2 . The results showed that the cluster on the top of the UPGMA tree consisted of GCRV 106, GCRV HeNan988, GCRV HuNan794, GCRV 097, GCRV 918, GCRV GD108 and GCRV HZ08. The second cluster was AGCRV PB01-155 and AGCRV. The third cluster contained GCRV 096 and GCRV 873.
In Figure 3 , the MP tree was constructed based on vp6 gene. On the MP tree, the cluster on the top consisted of GCRV 106, GCRV HeNan988, GCRV HuNan794, GCRV 918, GCRV ZS11, GCRV QC11, GCRV HN12, GCRV HS11, GCRV YX11, GCRV JS12, GCRV QY12, GCRV GD108 and GCRV HZ08. The second cluster was GCRV 104. The next cluster was AGCRV PB01-155 and AGCRV. The last cluster contained GCRV 096, GCRV 875, GCRV 876, GCRV 991 and GCRV 873.
In Figure 4 , the UPGMA tree was constructed based on vp7 gene. The cluster on the top of this tree consisted of GCRV 096, GCRV 875, GCRV 876, GCRV JX01, GCRV 991 and GCRV 873. The second cluster was GCRV GD108, GCRV HZ08 and GCRV JX02. The last cluster contained AGCRV PB01-155 and AGCRV. The phylogenetic relationships of GCRV096, GCRV 991, GCRV 876, GCRV 873, GCRV JX01, and GCRV 875 or GCRV HZ08, GCRV JX02, and GCRV GD108 are relatively close.
Sequence analysis of vp4, vp6 and vp7 genes in GCRV isolated to the same genotype By analysing variable sites, we found the ratios of variation sites located on the third condon and transitions were respectively 71.6% and 82.1% in vp4 gene; 57.1% and 80.0% in vp6 gene; 77.3% and 89.3% in vp7 gene.
Discussion
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The genotyping results obtained are consistent with previous research conclusions. The study of Wang indicated there were different genotypes of GCRV in China (Wang et al. 2012a ). The biological characteristics of GCRV isolates belonging to the same genotype indicated they were analogous. For example, in an artificial infection test, GCRV HZ08 and GCRV GD108 can cause mortality of 60-80% of the yearly grass carp (approx. 10 cm in length), without obvious CPE in CIK cells (Ye et al. 2012; Zhang et al. 2010b ). However, American grass carp reovirus (AGCRV) is not strongly connected with infectious disease in fish, although it is commonly detected by cell culture during routine inspections of healthy fish (Goodwin et al. 2010) . GCRV 873, GCRV 096, GCRV 875, GCRV 876, GCRV 991 and GCRV JX01 can arouse significant CPE in CIK cells (Zhang et al. 2010a; Wang et al. 2012b) . Furthermore, other characteristics of these two isolates were also similar. The genomic segments pattern of GCRV 875 was found to be similar to that of GCRV 873 . Polyacrylamide gel electrophoresis atlases of GCRV 873, GCRV 875, GCRV 876 and GCRV 991 were also the same .
The comparative analysis of the geographic location (Table 1) of collected GCRV isolates together with the difference between GCRV isolates and GCRV genotyping indicated there was no obvious relationship between the evolution of GCRV and geographical distribution of GCRV. In the same genotype, the ratios of variation sites on the third condon and the transitions in vp4, vp6 and vp7 gene were high.
Hemorragic disease of grass carp outbreaks seriously in China. Many isolates of grass carp reovirus have been discovered while new isolates are being isolated constantly. The systematic difference comparison of the different GCRV isolates has not been reported. In this study, we have verified the diference among various GCRV genotypes. GCRV genotyping has important significance to diagnosis and treatment in hemorrhagic disease of grass carp, especially to vaccine development. Comparison of different GCRV isolates and genotyping are helpful to further our understanding in GCRV genetic variation and evolution and the development of more effective preventative strategies against GCRV.
This study provides a foundation for revealing differences among GCRV isolates. Simultaneously, it is significant for the further research on genetically engineered vaccines against grass carp haemorrhagic disease and grass carp breeding for disease resistance. 
